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Abstract

Background: The association between breastfeeding and sleep of the gestational
parent is poorly understood. This longitudinal study investigated how breastfeed-
ing is associated with total nighttime sleep duration and sleep efficiency (per-
centage of total sleep time in bed) in nulliparous participants over the first two
postpartum years.

Methods: Nulliparous participants (N = 155, M,,. = 33.45, SD,, = 3.50) self-
reported patterns of breastfeeding via telephone interviews and sleep via self-

age

report at 1.5, 3, 6, 12 and 24 months postpartum. Data were analyzed using
mixed-effects models, with breastfeeding variables as predictors and sleep vari-
ables as outcomes, controlling for relevant covariates.

Results: Neither the presence of breastfeeding nor the percentage of human milk
in infants' total diets was significantly associated with participants’ sleep duration
or sleep quality (P-values > 0.08). This finding held after controlling for the num-
ber of nighttime feeds (P-values > 0.11). However, greater numbers of nighttime
feeds, regardless of feeding content, were strongly associated with shorter sleep
duration and poor sleep efficiency (P-values < 0.05). On average, with each addi-
tional nighttime feed, nocturnal sleep duration decreased by 6.6-8.4 minutes, and
sleep efficiency decreased by 2.88%-3.02%.

Conclusions: Data from this study showed that breastfeeding per se was not as-
sociated with shorter or poor nocturnal sleep, but the number of nighttime feeds
was. Sharing nighttime infant care amongst different carers in the household
could help reduce postpartum sleep disturbance and ameliorate its negative im-

pact on wellbeing.
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1 | INTRODUCTION

Sleep is a major concern for parents during the postpartum
period® as decreased sleep duration” and poor sleep qual-
ity’ are commonly reported by caregivers of newborn in-
fants. Sleep quality of the gestational parent is shown to be
at its lowest during the first postpartum month, followed
by a gradual recovery. However, sleep remains fragmented
over at least the first four postpartum months,* with re-
cent evidence showing that sleep disturbance may con-
tinue into the first three postpartum years.’ Postpartum
sleep disturbance is associated with symptoms of depres-
sion and anxiety,”” negative impact on the mother-infant
relationship,8 worse daytime functioning,g’10 and poor
quality of life."*

Nighttime infant care, nighttime feeding, and infant
sleep location may contribute to postpartum sleep distur-
bance.'?'* Further, a recent mixed-methods study found
that new parents found breastfeeding to be more difficult
than anticipated. Furthermore, they found that individu-
als with more disrupted sleep during pregnancy were less
likely to initiate or maintain breastfeeding.'® This suggests
that sleep-related experiences may influence decisions
around breastfeeding for some individuals. However, at
present, little is known about how breastfeeding itself, in-
dependent of the action of awakening to feed, influences
gestational parents' sleep.

Prolactin and oxytocin, the two hormones responsible
for the synthesis and the ejection of milk respectively,'
also play a role in sleep. Oxytocin counteracts the ef-
fects of the stress hormone cortisol to allow relaxation.'’
Although human research is limited, animal models sug-
gest that oxytocin, under basal, stress-free conditions,
may promote sleep.'® Prolactin may decrease human sleep
onset time and increase slow-wave sleep.'” Moreover, pro-
lactin follows a circadian rhythm, with increased secre-
tion at night, and may assist with relaxation and rest.?’

To date, just over a dozen studies have investigated how
breastfeeding may influence gestational parents’ sleep,
and the results are inconclusive. Consistent with physi-
ological underpinning, some studies found that breast-
feeding was associated with longer sleep duration*"** and
greater slow-wave sleep.”> However, other studies did not
find a significant association between breastfeeding and
sleep.”®?” For example, an actigraphy-based study found
that breastfeeding was not associated with sleep, but
higher numbers of individuals (including infants) sharing
the same sleep surface was significantly associated with

shorter sleep duration and poor sleep quality."* Further,
a five-month longitudinal study found that higher fre-
quency of nocturnal breastfeeding is associated with a
decreased sleep duration.?® Most studies focused on sleep
duration and neglected sleep quality.”>***® There is also
a lack of longitudinal studies, as well as studies that ex-
plored this relationship past the first four to five months
postpartum.“’”’28

It is important to investigate this relationship over
a longer duration as the World Health Organization
(WHO)* recommends exclusive breastfeeding for the first
six months and then complementary breastfeeding for up
to two years and beyond. Furthermore, nulliparous indi-
viduals (ie, no older children) experience poor sleep than
multiparous individuals (ie, with older children).® As
individuals are likely to choose the same feeding method
for each and their subsequent children,*! the association
between breastfeeding and sleep is particularly important
when raising the first child.

The current study aimed to investigate how breast-
feeding was associated with sleep duration and quality
in nulliparous gestational parents from birth to two years
postpartum over five time points (1.5 months, 3 months,
6 months, 12 months, and 24 months). Considering that
nighttime feeding and infant sleep location may be rele-
vant to nocturnal sleep, we examined these associations
both without and with adjustment for: (a) the number of
nighttime feeds; and (b) whether or not participants and
their infants were sleeping in the same room.

2 | METHOD

This is a secondary data analysis of a single-blinded ran-
domized controlled trial comparing behaviourally-based
sleep and diet interventions (Australian New Zealand
Clinical Trial Registry: ACTRN12616001462471). The
protocol** and primary outcome paper’ have been pub-
lished elsewhere. The study was approved by the Royal
Women’s Hospital (RWH) and the Monash University
Human Research Ethics Committees.

2.1 | Participants

Participants were a community sample of expectant nul-
liparas (N = 155) recruited from the Childbirth Education
Program at the RWH in Victoria, Australia. Inclusion
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criteria were: (a) nulliparity; (b) age 18 or above; (c) sin-
gleton pregnancy; (d) English literacy; and (e) regular ac-
cess to email and internet. Participants utilizing any form
of feeding method (eg, exclusively breastfeeding, mixed
feeding, formula feeding) were included in the study.
Exclusion criteria included: (a) current severe physical
or psychiatric conditions as per screening (see protocol
for details); (b) the use of sleep altering medications or
substances; and (c) physiological, non-insomnia-based
sleep disorders. Sleep disorders were screened using
Duke Structured Interview for Sleep Disorders (DSISD)**
and psychiatric disorders using the Mini International
Neuropsychiatric Interview 7.0.%

2.2 | Procedures

After informed consent and screening, eligible partici-
pants in the larger study were randomized 1:1 to either
a healthy sleep or a healthy diet condition. The primary
outcome paper™ of the larger study focuses on group dif-
ferences in sleep outcomes. The sleep intervention aimed
to address perinatal sleep disturbance using cognitive be-
havioral strategies and included components such as sleep
hygiene, understanding differences between symptoms of
insomnia and sleep deprivation, mindfulness-based strat-
egies, and skills for managing sleepiness/fatigue. The diet
condition included information regarding nutrition for
the pregnancy and postpartum period, postpartum weight
management, introducing solid foods to the infant and
family eating. Breastfeeding was not an aspect of either
condition.

Breastfeeding data were collected via telephone inter-
views, and sleep data were collected via online surveys
over five time points repeatedly at 1.5 (T1), 3 (T2), 6 (T3),
12 (T4), and 24 (T5) months postpartum. Participants
were provided with a 100 Australian Dollars (AUD)
voucher at T3, 50 AUD at T4, and 20 AUD at T5 as tokens
of appreciation.

2.3 | Measures

2.3.1 | Sleep

Sleep duration is operationalized as self-reported total
sleep time (TST); sleep quality is operationalized as sleep
efficiency (SE; percentage of TST of time spent in bed,
capturing both sleep initiation and sleep maintenance).
Participants were asked to complete seven items based on
the Consensus Sleep Diary®® to report aspects of their sleep
from the past week. In this study, TST and SE were ex-
tracted from these items. A 16-item variation of the Patient

Reported Outcomes Measurement Information System
(PROMIS)* rated on a five-point scale was used to meas-
ure sleep disturbance (eight questions) and sleep-related
impairment (eight questions) over the past two weeks.
Both the PROMIS sleep disturbance and sleep-related im-
pairment are well validated,®® and form a T-score with a
population mean of 50 and a standard deviation of 10.

Breastfeeding information was collected via structured
telephone interviews, and the following information was
extracted for each of the five time points: (a) time since
ceasing breastfeeding (in weeks); (b) the percentage of
human milk (in infants’ total diet); and (c) the average
number of nighttime feeds per night, regardless of feed
content.

In addition, self-reported height and weight were used
to calculate concurrent body mass index (BMI) at each
time point.

2.4 | Statistical analyses

Data analysis was completed using R (version 3.6.2),%
and statistical significance was set to an alpha value of
P < 0.05. Missing data are expected in a longitudinal study
and are handled using maximum likelihood in mixed-
effects models.

Time since ceasing breastfeeding was strongly skewed
and was converted to a categorical variable. Analyses
using the following three different categorizations were
compared using model fit indices Akaike's Information
Criteria (AIC) and Bayesian Information Criteria (BIC):
(a) currently breastfeeding vs not currently breastfeeding;
(b) currently breastfeeding, vs short (<4 weeks), vs long
(>4 weeks) time since ceasing breastfeeding; and (c) cur-
rently or short time (<4 weeks) since ceasing breastfeed-
ing vs long time (>4 weeks) since ceasing breastfeeding.
The first categorization emerged as superior to the other
two and were used in the final analyses.

The variable percentage of human milk in infants' total
diet was calculated for instances when breastfeeding was
current. This variable appeared to have a binomial distri-
bution with most participants either breastfeeding at high
or low percentages. Therefore, this variable was converted
to a two-level categorical variable of high (>50%) or low
(£50%).

First, linear mixed-effects models were conducted in
all available data with breastfeeding status (current vs not
currently breastfeeding) as the predictor and each sleep
variable as the outcome, with and without adjusting for co-
variates. Time-varying covariates included infant age (ie,
weeks since childbirth), infant sleep location (same room
as participant: 0, separate room: 1), the number of night-
time feeds, and BMI at each time point. Time-invariant
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covariates included gestational parent age at enrollment
and group condition allocation. Further mixed-effects
models used the same configuration, except restricting
data to instances of current breastfeeding and included
high vs low percentage of human milk as the predictor.

Random effects were included wherever possible and
dropped if the models did not converge. Effect sizes were
calculated using the marginal and conditional F* values for
each model. Marginal F* denotes the variance explained by
the fixed effects divided by residual variance, whereas the
conditional F* denotes the total variance explained by the
fixed and random effects divided by residual variance.”’ A
small number of multivariate outliers were identified, but
sensitivity analyses showed that all findings held after re-
moving them. Therefore, all values were included to pre-
serve the representation of the sample.

3 | RESULTS

Table 1 shows the sociodemographic characteristics of
participants. Participants had a mean age of 33.45 years
(SD = 3.50), they were all females, mostly Caucasian
(83%) or Asian/Indian (10%), and most (89%) achieved a
university level of education. Overall, the rate of missing
data is low; among the 155 participants who commenced
the study, 73% completed all five time points, and 98%
completed three or more time points. Analyses below in-
cluded all 155 participants.

TABLE 1 Summary of participant characteristics

Age, M (SD)
Body mass index (BMI), M (SD)
Ethnicity
Asian/Indian, n (%)
Caucasian, n (%)
Middle Eastern, n (%)
Other, n (%)
Level of education
Less than bachelor's degree, n (%)
Bachelor's degree, n (%)
Postgraduate degree, n (%)

Sleep characteristics Sleep efficiency

1.5 months postpartum M (SD) 66.14 (15.31)
75.27 (12.58)
75.74 (12.23)
84.71 (9.76)

84.94 (11.23)

3 months postpartum M (SD)
6 months postpartum M (SD)
12 months postpartum M (SD)
24 months postpartum M (SD)

Ninety-six percent of participants were breastfeeding
their infants at T1, and this number decreased at each
time point (see Table 2). Over half (57.1%) of the partic-
ipants were still breastfeeding at 12 months postpartum,
and this dropped to 13.5% at 2 years postpartum. Of those
who were breastfeeding their infants, 89% started off
breastfeeding with a high percentage (>50% in infants'
total diet) of human milk, which gradually decreased to
a low percentage.

3.1 | Sleep

Table 1 describes TST and SE over time. Mean TST in-
creased from 6.19 hours at 1.5 months postpartum to
7.39 hours at 24 months postpartum, while SE gradually
increased from 66.1% to 84.9% during this period. As re-
ported previously,*® the group differences in TST and SE
between intervention conditions were non-significant
at T1, T2, T3 and T4 (all P-values > 0.16). At T5 (2 years
postpartum), the healthy sleep condition had longer TST
(model estimated mean [95% confidence interval]: 7.52
[7.28,7.76] vs 7.15[6.89, 7.41] hours, P = 0.039) and higher
SE (86.45 [83.61, 89.29] vs 82.46 [79.53, 85.39] P = 0.059),
but effect sizes were small. Group allocation was included
as a covariate but was a non-significant predictor of both
TST and SE in analyses below (all P-values > 0.36).
Mixed-effects models examining the associations be-
tween breastfeeding and sleep with or without adjusting for

N =155
33.45 (3.50)
25.12(3.79)

15(10.0)
130 (83.0)
1(<1.0)
9(7.0)

17 (11.3)
52(33.3)
86 (55.4)

Infant sleeping location:

Total sleep time same room (%)
6.19 (1.24) 92
6.98 (1.10) 83
6.95 (1.10) 59
7.35 (0.87) 34
7.39 (1.03) 25
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TABLE 2 Breastfeeding variables at each time point

Breastfeeding status

Percentage of human milk in infant diet

Months postpartum n

1.5 months 155 149 (96.1)
3 months 152 140 (92.1)
6 months 152 129 (84.9)
12 months 119 68 (57.1)
24 months 111 15(13.5)

Currently breastfeeding, n (%) n

High percentage, n (%)

129 115(89.2)
150 128 (85.3)
151 118 (78.1)
106 8(7.6)
112 0(0.0)

Note: Percentage of human milk in total infant diet is calculated for currently breastfeeding instances. A low percentage of human milk is operationalized as
less than or equal to 50% in total feed; a high percentage of breastfeeding is operationalized as greater than 50% in total infant diet.

covariates are summarized in Tables 3 and 4. In both the ad-
justed and unadjusted models, currently (vs not currently)
breastfeeding was not significantly associated with TST (P-
values > 0.48). There was a trend for currently breastfeeding
to be associated with lower SE (P = 0.08), but this associ-
ation was absent after adjusting for covariates (P = 0.95).
Among instances where participants were currently breast-
feeding, and in both the adjusted and unadjusted models,
percentage of breastfeeding (above or under 50%) was not
associated with either TST or SE (P-values > 0.11).

In all adjusted models, the number of nighttime feeds,
regardless of the feeding method, was one of the stron-
gest predictors of shorter TST and lower SE; for each
additional nighttime feed, TST decreased by 6.6-8.4 min-
utes (P-values < 0.05), and SE decreased by 2.88%-3.02%
(P-values < 0.001). In the models on breastfeeding status
predicting sleep, sleeping in a separate (compared to the
same) room as the infant was associated with longer TST
and higher SE (P-value < 0.05; Table 3). However, in-
fant sleep location was not significantly associated with
maternal sleep in the percentage of human milk models
(P-values > 0.10; Table 4). Finally, as expected, older in-
fant age was significantly associated with longer TST and
higher SE (P-values < 0.05).

4 | DISCUSSION

This study examined the associations between breastfeed-
ing and sleep duration and quality in first-time gestational
parents over the first two postpartum years. Neither the
presence nor the percentage of breastfeeding per se was
significantly associated with sleep duration or quality.
However, the higher number of nighttime feeds, regard-
less of feeding method, emerged as a strong predictor of
shorter sleep duration and poor sleep quality.

The majority (78.1%) of participants chose to breast-
feed with a high percentage of breastmilk for the first
six months of their infant's life, which is higher than in
global trends (median: 42.7% across 22 countries),*' yet

consistent with WHO’s*® recommendation for exclusive
breastfeeding until the infant is six months old. This find-
ing should be interpreted in the context of the overall high
education level for this sample, a known predictor of high
breastfeeding compliance.* Many participants (42.9%)
had ceased breastfeeding by 12 months postpartum, before
WHO’s recommendation of complementary breastfeeding
up to two years and beyond. This significant decline in
breastfeeding at around 12 months postpartum coincided
with the end of typical Australian maternity leaves** when
gestational parents are often returning to work.

The findings that breastfeeding may not impact sleep
duration or sleep quality in this study is consistent with
findings from previous studies.*** It is also possible that
different ways of quantifying sleep duration contributed to
different findings: a previous study that found breastfeed-
ing to be associated with longer sleep duration included
naps®* whilst this study focused on nocturnal sleep. We
did find a trend in breastfeeding being associated with
worse sleep efficiency, but this association was no longer
significant after adjusting for the number of nighttime
feeds carried out by the gestational parent and infant sleep
location. This suggests that it is likely that the action of
getting up and feeding the infant, and not breastfeeding
per se, that may disrupt sleep. Infant sleep location as a
covariate, shared mixed associations with maternal sleep,
highlighting potentially complex relationships amongst
breastfeeding, infant room/bedsharing, and maternal
sleep* that requires further research.

Changes in sleep duration and quality in this study are
consistent with the literature.”**® Sleep during the first
six postpartum months is highly disrupted for gestational
parents and recovery from this disturbance is taking place
through at least two years postpartum.

4.1 | Limitations and strengths

Findings need to be interpreted in light of a number of
limitations. Sleep was assessed via self-report and not
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objective methods. Objective hormone (eg, prolactin and
oxytocin) levels were not measured, and it was not possi-
ble to ascertain the associations between hormone levels
and sleep. In addition, we did not collect data on how
much human milk was expressed versus directly fed,
which limited our ability to further understand how dif-
ferent breastfeeding approaches affect sleep. There may
also be differences in sleep related to different feeding
methods (eg, exclusively breastfeeding, solids and breast-
milk, solids and formula), which we did not examine.
We also did not collect data on weaning foods. Results
may not be generalizable to individuals with low levels
of education or socio-economic status, those who are
multiparous, or to gestational parents in other countries.
This study was carried out in the context of a randomized
controlled trial, rather than an observation-only study.
However, the interventions were unrelated to breastfeed-
ing, and, except small differences in sleep at two years
postpartum, the two intervention conditions did not dif-
fer significantly in sleep duration or quality over time; we
further controlled for group assignment as a covariate.

Nevertheless, this study contributes to the literature by
investigating the relationship between breastfeeding and
gestational parents’ sleep longitudinally over the first two
postpartum years. Previous research has investigated this
relationship up to five months postpartum,***** much
shorter than the two-year recommendations from WHO.
Further, this study included a large community sample
and considered both sleep duration and sleep quality
rather than either dimension.

4.2 | Implications

In a community sample of first-time gestational parents,
breastfeeding did not appear to be associated with con-
current shorter or worse sleep. This could be reassuring
for new parents so that they are not deterred from breast-
feeding due to concerns of sleep. However, the act of get-
ting up and feeding the infant, regardless of breastfeeding
or formula feeding, was detrimental to parental sleep.
Previous studies showed that individuals who breastfed
tend to receive less support from their partners with noc-
turnal infant feeds,"” potentially further exacerbating the
perceived link between breastfeeding and sleep disrup-
tion. As shown in mounting evidence, early parenthood
is marked by significant sleep disturbance.”” Gestational
parents may be able to improve sleep by sharing the re-
sponsibility of nighttime feeding with their partner or
other support persons. This is particularly relevant for
the initial days and weeks after childbirth, when sleep
disruption is particularly severe.*® Perinatal professionals

could utilize findings from this study to educate about
breastfeeding. For those individuals who have the sup-
port, providers may utilize the findings from this study to
encourage shared nighttime infant care from the whole
household to mitigate negative impact on sleep and well-
being on new parents.
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